SLAC-PUB-95-6905BEAM TRAJECTORY JITTER IN THE SLC LINAC*Chris Adolphsen and Tim SlatonStanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USAWe present model-independent measurements of thevertical trajectory jitter of the positron beam in the StanfordLinear Collider (SLC) linac and discuss the results ofstudies aimed at isolating its source.I. INTRODUCTION In March 1993, the SLC began flat beam operationwhich reduced the vertical emittance at the beginning of thelinac by an order of magnitude to about 3·10-6 m-rad.Although this improved the average luminosity, it made theluminosity more sensitive to vertical beam jitter, that is, tothe variations of the vertical orbits that are faster than thefew second response time of the feedback loops that areused to stabilize the orbits. The rms of the vertical jitter,which had been observed to grow in size along the linac,now became a significant fraction of the vertical beam size.In this paper, we present some of the jitter measurementsand discuss the results of studies aimed at isolating itssource. In particular, we examine the positron jitter sincethe analysis of the electron jitter is complicated byits dependence on the positron motion via long-rangewakefields. However, the electron results do not differgreatly.II. MEASUREMENTSTo characterize the jitter, we wanted an empiricalmethod since the linac beam transport is difficult toaccurately model due to uncertainties in the linac energyprofile and the strong transverse wakefield effects. Oursolution was to measure the beam transport properties byinducing betatron oscillations near the injection point to thelinac and recording the beam trajectory changes along thelinac. Using these data, we characterized trajectory changesthat were measured in different regions of the linac in termsof an equivalent injection jitter, and thus mapped how thejitter varied along the linac in common units. To make themeasurements more relevant to SLC operation, wenormalized the results to the beam size measured atinjection. However, when interpreting the results, we alsohad to keep in mind the non-jitter emittance growth thatoccurred in the linac and in the subsequent transport of thebeams to the collision point.

* Work supported by Department of Energy contract DE-AC03-76F00515.In the study of the positron vertical jitter, betatronoscillations were measured in five regions along the linac.The regions each span about two betatron oscillationwavelengths and are separated by about four wavelengths.Each region contained a series of 24 beam positionmonitors (BPMs) with an average resolution of about10 mm at the nominal beam intensity of 3.4·1010 positronsper bunch. Prior to the measurements, data were taken toobtain the R33 and R34 TRANSPORT matrix elementsfrom an upstream reference point to the BPMs in each ofthe regions (the x-y coupling is negligible in the linac andso the other matrix elements were ignored). The referencepoint was chosen as the location of first beam size monitor(BSM) in the linac which is part of a set that is used tomonitor beam emittance.The R33 and R34 matrix elements for the positronbeam were measured using two vertical steering dipolemagnets (YCORs) in the injection line to the linac that are90 degrees apart in betatron phase advance. The setting ofeach YCOR was varied in 11 steps while the linac BPMswere recorded with a five pulse average. The inducedoscillations at the extreme YCOR settings were made muchlarger than the nominal beam jitter and BPM resolution soan accurate measurement could be made. The slopes of theBPM -vs- YCOR data were then fit for each BPM and theresults used to compute the TRANSPORT elements.Because the YCORs are upstream of the BSM, thistransformation can be done independently of the YCORsettings with only a knowledge of the distance of the BSMto its two neighboring BPMs. The resulting values for R33and R34 agree well with the linac optics model near thebeginning of the linac but lag in phase and increase inamplitude further along the linac.After measuring the coefficients, several sets of jitterdata were taken during 120 Hz operation in which the BPMreadings in the five regions were simultaneously recordedon 200 consecutive pulses. In each region, the mean orbitwas subtracted from the BPM data and results were fitusing the measured R33 and R34 matrix elements to obtainthe orbit parameters y and y’ at the BSM. The orbitparameters were then normalized using typical values ofthe measured vertical beam size, sy = 132 mm, and TWISSparameters, by = 13.5 m and ay = -5.8, at the BSM (theTWISS parameter calculation uses beam size data from theother BSMs in the set as well). Specifically, Y ” y/sy and

Y' ≡ (α y y +βy y') / σ y

were computed for each regionof the linac from the data from each pulse. For jitter with a

SLAC-PUB-95-6905phase space distribution equal to that of the beam, Y and Y’would each have an rms of unity and be uncorrelated.Figure 1 shows examples of the distributions from a setof data that were taken with the linac feedback loopsdisabled. Here Y’ -vs- Y is plotted for the first and lastregion of the linac, which are denoted by the linac sector atthe center of the region (note that the main linac is dividedinto 29 sectors: LI02 to LI30). The measurement errors onthe data points, which are not shown in the plots, are muchsmaller than the rms variation of the data. A comparison ofthe two plots clearly shows that only a small portion of thetrajectory variation at the end of the linac can be attributedto injection jitter. The results for data taken with the linacfeedback loops enabled are similar.To quantify the jitter, we computed an rms of the rmsvariation of Y and Y’,

Ts ≡ Y2 + Y'2 2

,which is related to the time-averaged beam emittancegrowth in the presence of jitter,

Δε /ε ≈ Ts2

. The values ofTs for the feedback-disabled data are plotted in Figure 2 forthe five linac regions. One sees that much of the positronvertical jitter growth occurred near the end of the linac. TheLI29 value of 60% would have contributed 36% to thetime-averaged beam emittance in LI29 if no otheremittance growth had occurred in the linac. However, thevertical emittance typically doubled in the linac,independent of the jitter, so the addition of the jitter hadincreased the time-averaged emittance by 18% in LI29. Atthe interaction point (IP), the jitter was about the same as inLI29 but the vertical emittance was typically a factor ofthree larger, so the jitter related emittance growth was only6%. The size of the vertical electron IP jitter was similar to,and essentially uncorrelated with the positron jitter, so thecollision luminosity was reduced by about 4% due tovertical jitter (the horizontal jitter reduced it by anadditional 3% in quadrature) [1].

0.00.20.40.60.8LI02LI07LI14LI20LI29

TsFigure 2: Ts values measured in five regions of the linac.To study the temporal dependence of the jitter, Fouriertransforms of the jitter data from the five regions werecomputed. The time dependence of the projections of thejitter along the major and minor axes of the phase spaceellipses were analyzed in addition to Y and Y’. As anexample, Figure 3 shows the power spectrum (PS) andintegral of the power spectrum (IS) for the LI02 and LI29jitter projected along the major axes of their phase spaceellipses. Note that for this analysis the jitter data wasnormalized to have an rms of unity, so the integratedspectrum, which sums the power spectrum above thefrequency plotted, is unity at 0 Hz. The relative rms jitterdue the Fourier components above a given frequency istherefore the square root of the IS value at that frequency.In general, the measured spectra are essentially white noisewith a few prominent frequency components in some cases.

-2-1012-2-1012

Y’LI02

-2-1012-2-1012

Y’YLI29Figure 1: Phase space of vertical positron jitter measuredin linac sectors LI02 and LI29.

SLAC-PUB-95-6905However, these components seldom contribute more than10% to the total rms.III. DISCUSSIONAlthough the source of the jitter growth in the linac isnot yet understood, the results from various studies havenarrowed down the possibilities. For example, the size ofthe jitter was found to be independent of the amplitude ofthe orbits in the linac, so energy jitter coupled with linacdispersion is not the source, nor is fluctuations inquadrupole magnet (quad) currents. The possiblecontributions from quad vibrations led to measurements ofthe quad vertical motion [2]. Although the vibrations werefound to be larger than expected, about 300 nm rms forsome quads, simulations showed that even if all quadsvibrated randomly by this amount, the resulting beam jittercould only account for a small fraction of the measuredgrowth. Also, the frequency spectrum of the quad motion ishighly peaked in the 8 to 14 Hz range which would notexplain the relatively flat spectra of the beam jitter.Computing the correlations of the jitter in each regionof the linac with the jitter in other regions and with the jitterof other beam properties provided further clues. No strongcorrelation was found between the orbit jitter and thepositron intensity, energy, or bunch length jitter. Thecorrelations measured among the orbit data suggest that thegrowth is incoherent along the linac. Thus, the growth isnot likely to be the result of large resonant amplification ofbetatron motion due to transverse wakefields. In fact,measurements of this amplification for oscillations inducedat various points along the linac showed that it did notdiffer greatly from that expected, which is a factor of 2 to 3at most.One possible source that has not been ruled out is thetransverse rf fields in the S-band accelerator structures thatresult from dark currents. An rms kick of about 1 keV perstructure (12 m long) is needed to explain the observedlevel of jitter growth in the linac. Such a kick would be2 · 10 5 times smaller than the accelerating field and wouldlikely have a white noise spectrum. Another jitter sourcemay be damping ring instabilities that produce y-zcorrelations in the beam phase space that vary pulse-to-pulse. These correlations could vary in a manner that wouldnot produce injection jitter but would nonetheless causeorbit changes in the linac due to the effect of the wakefieldsthere. Further measurements will be made to assess themagnitude of these effects.IV. SUMMARY Using a model-independent method, we have mea-sured the positron vertical trajectory jitter in the SLC linac.We observe that the jitter grows three-fold by the end of thelinac, increasing the time-averaged vertical beam emittancethere by about 18%. The trajectory jitter is essentiallyrandom pulse-to-pulse and is not strongly correlated withthe positron intensity, energy, or bunch length jitter.Studies are continuing in an effort to determine the sourceof the jitter growth.V. REFERENCES[1] P. Raimondi, private communication (1995).[2] J. Turner et. al., Vibration Studies of the StanfordLinear Accelerator, these proceedings (1995).

051015200102030405060

PS (1/Hz)f (Hz)LI02 Major

0.00.20.40.60.81.00102030405060

ISf (Hz)LI02 Major024680102030405060

PS (1/Hz)f (Hz)LI29 Major

0.00.20.40.60.81.00102030405060f (Hz)LI29 Major

ISFigure 3: Normalized power spectrum (PS) and integral ofthe power spectrum (IS) for the LI02 and LI29 jitterprojected along the major axes of their phase spaceellipses.